Footrot is a worldwide economically important, painful, contagious bacterial hoof disease of 17 domestic and wild ungulates caused by Dichelobacter nodosus (D. nodosus). Benign and virulent 18 strains have been identified in sheep presenting mild and severe lesions, respectively. However, in 19 Alpine ibex (Capra ibex) both strains have been associated with severe, fatal lesions. In Switzerland a 20 nationwide footrot control program for sheep focusing on the virulent strain shall soon be 21 implemented. The aim of this cross-sectional study was to estimate the nationwide prevalence of 22 both strains of D. nodosus in four wild indigenous ruminant species and to identify potential 23 susceptible maintenance hosts that could be a reinfection source for sheep. During two years (2017-24 2018), interdigital swabs of 1,821 wild indigenous ruminants species (Alpine ibex; Alpine chamois, 25 Rupicapra rupicapra; roe deer, Capreolus capreolus; red deer, Cervus elaphus) were analysed by Real-26 Time PCR. Furthermore, observed interspecies interactions were documented for each sample. 27 Overall, we report a low prevalence of D. nodosus in all four indigenous wild ruminants, for both the 28 benign (1.97%, N = 36, of which 31 red deer) and virulent (0.05%, N = 1) strain of D. nodosus. Footrot 29 lesions were documented in one ibex with the virulent strain, and in one ibex with the benign strain. 30 Interactions with domestic livestock occurred mainly with cattle and sheep. In conclusion, the data 31 suggest that domestic ungulates represent a significant source of infection for wild ungulates, while 32 wild ruminants are likely irrelevant for the maintenance and spread of D. nodosus. Furthermore, we 33 add evidence that both D. nodosus strains can be associated with severe disease in Alpine ibex. These 34 data are crucial for the upcoming nationwide control program and reveal that wild ruminants should 35 not be considered as a threat to footrot control in sheep in this context.
Introduction
Footrot is an economically important, painful, contagious bacterial disease that affects 41 hooves of both domestic and wild ungulates (1, 2 Sample collection and animals 131 Sampling was mainly done by professional game wardens and hunters and in a few cases by the first 132 and the second author. Sampling kits included one SV Lysis buffer (4 M guanindinethiocyanate, 0.01 133 M Tris-HL, β-mercaptoethanol) in a tube with a screw-on lid, a cotton swab, a pair of latex gloves and 134 a data sheet to record biological data of the animal sampled (sex, age, geographical origin, body 135 condition) and the presence of foot lesions. Documentation of foot lesions were recorded for each 136 foot separately, including lesions in the interdigital space, the hooves and the carpal area based on 137 the most common lesions that are used in footrot scoring systems (26). If lesions were present, the 138 sample submitters were asked to submit the affected feet in addition to the swabs.
139
The study participants were also asked to report observed interspecies interactions involving both 140 wild and domestic species within a radius of 5 km around the sampling location. This distance was 141 roughly estimated considering the home range size of the investigated species (27, 28) . Four 142 categories of contacts were used as previously described (20): physical contact; encounter of less 143 than 50 m distance between animals; encounters of more than 50 m; and non-simultaneous 144 occupation of the same area. These categories were not relevant for D. nodosus transmission but 145 corresponded to those used in earlier studies and helped specifying the notion of interaction for the 146 respondents. Each data sheet included two tables, one for contacts among wild ruminants and the 147 other one for contacts between wild and domestic ungulates. For each type of contact, the frequency 148 of observation was recorded as follows: 0) never, 1) no more than once a year, 2) more than once a 149
year.
150
All sampling kits were sent to the cantonal hunting authorities, which subsequently distributed the 151 material to game wardens or hunters who then collected the samples in the field from hunted game. 
Results

211
Detection of Dichelobacter nodosus 212 Out of 1,821 sampled animals ( Figure 1 ), 37 were found positive for D. nodosus (Figure 2 ). The 213 virulent strain was only found in one animal, an adult male ibex with severe disease signs. The benign 214 strain was found in 36 animals, including 31 red deer (20 males and 11 females; 8 juveniles, 5 215 yearlings, 17 adults, and 1 animal of unknown age), one roe deer (yearling female), one Alpine 216 chamois (adult male) and three Alpine ibex (all adult males). The estimated apparent prevalence for 217 the benign and virulent strains by species is given in Table 1a . Due to the low prevalence of D.
218 nodosus per species, the true prevalence (TP) could only be calculated for red deer (TP= 6.08% CI=3.5 219 -9.3). All positive samples originated from animals from six out of 26 Swiss cantons (S1 Table) nor any of the affected feet were submitted with the samples. One ibex positive for the 256 benign strain presented severe footrot lesions in the hind feet ( Figure 3 ). All other animals 257 positive for the benign strain did not show any sign of disease (including two ibex).
258
The ibex with the virulent strain of D. nodosus showed severe footrot lesions in the front feet 
290
Considering wild species only, interspecific interactions were reported mainly within the same 291 taxonomic family, i.e. among caprids (ibex and chamois) and among cervids (roe deer and red deer).
292
Interactions between red deer and chamois were also frequently reported and occasionally included 293 physical contacts (5% of the respondents). By contrast, only a few interactions between ibex and 294 cervids were reported, even though rare physical contacts between ibex and red deer (2%) were 295 documented.
296
Focusing on positive samples, 83% of the submitters of the 28 red deer and the single roe deer The factor "canton" was also investigated but showed a weak association with an infection of D.
328 nodosus (p = 0.68). All factors with a p value < 0.2, except "interspecies contacts" due to the large 329 number of missing values, were additionally tested in a multivariable analysis, which revealed that 
390
The presence of foot lesions was identified as a factor associated with the infection of benign D.
391
nodosus. Obviously, the reported lesions were rather the consequence of the infection than a risk 392 factor. This result from the risk factor analysis is also questionable because these lesions were only 393 confirmed as footrot-like in the ibex.
395
Interspecies interactions 396 Only 68% of the respondents answered (partially or fully) the questions regarding interspecies 397 interactions on the data sheet. Additionally, considering that wildlife is most often active at dawn or 398 dusk (6,41,42) it is therefore possible that the frequency and intensity of reported interactions was 399 underestimated. Furthermore, because these data rely on reports of numerous voluntary participants, they may be biased in other ways. Mainly, the delivered information relies on 401 memorized events of the participants and may have resulted in a lack of reporting or in misreporting. 
441
Regarding the benign strain, infections were detected in at least one animal per wild ungulate 442 species, with red deer showing the highest prevalence of infection (TP 6.08%). Risk factor analysis 443 indicated that red deer are at a significantly higher risk of being infected with benign D. nodosus than 444 ibex. This is in line with the fact that interspecies interactions involving red deer are most commonly 445 observed with cattle (this study; 20) and that the prevalence of benign D. nodosus is highest in cattle 446 (AP 83.3%; 13). It is therefore most likely that cattle act as source of infection for susceptible wild 447 ungulates, as previously suspected (4). Since the upcoming nationwide control program will only 448 focus on virulent D. nodosus in sheep, it is unclear whether it will influence the prevalence of benign 
